Multivariate analysis of some characteristics of South African isolates of Colletotrichum  by Baxter, Alice P. et al.
S.Afr.l.Bot., 1993, 59(6): 557 - 565 
Multivariate analysis of some characteristics of South African isolates of 
Colletotrichum 
Alice P. Baxter: A. Eickert and N.J. Dippenaar* 
557 
* Plant Protection Research Institute, Agricultural Research Council, Private Bag X134, Pretoria, 0001 Republic of South Africa 
t Department of Botany, University of Pretoria, Pretoria, 0002 Republic of South Africa 
* Transvaal Museum, P.O. Box 413, Pretoria, 0001 Republic of South Africa 
Received 28 December 1992; revised 5 July 1993 
Twenty-eight South African isolates of the genus Colletotrichum Corda were selected to represent eleven 
species studied. Twenty-seven criteria, comprising morphological and culture characteristics, were chosen for 
analysis. Data were obtained from cultures grown under standardized laboratory conditions and were 
analysed by means of multivariate statistical methods. Preliminary cluster and principal component analyses 
constantly formed groups of isolates corresponding with the species delimitations of C. acutatum Simmonds 
ex Simmonds, C. crassipes (Speg.) Arx, C. dematium (Pers. ex Fr.) Grove and C. graminicola (Ces.) Wilson. 
On the basis of the characters employed, isolates of C. coccodes (Wallr.) Hughes, C. destructivum O'Gara 
and C. gloeosporioides (Penz.) Penz. & Sacco were interspersed, and those of C. trifolii Bain & Essary and 
C. lindemuthianum (Sacc. & Magn.) Br. & Cav. clustered together. It is clear that additional characters must 
be sought and that the relationship between C. trifolii and C. lindemuthianum needs further investigation. The 
most discriminatory criteria in this study were conidium characteristics and the presence or absence of setae. 
Agt-en-twintig Suid-Afrikaanse isolate van die genus Colletotrichum Corda is gekies om elf bestudeerde 
spesies te verteenwoordig. Sewe-en-twintig eienskappe wat moriologiese en kultuureienskappe verteen-
woordig, is vir die analise gebruik. Hierdie gegewens is uit kulture van die fungusse, wat onder gestandardi-
seerde laboratoriumtoestande gekweek is, verkry en deur middel van statistiese metodes vir meervoudige 
veranderlikes geanaliseer. Voorlopige groeperings- en hoofkomponent-analises het isolate wat met die 
spesie-afbakenings van C. acutatum Simmonds ex Simmonds, C. crassipes (Speg.) Arx, C. dematium (Pers. 
ex Fr.) Grove en C. graminicola (Ces.) Wilson ooreenkom, telkens in groepe saamgevoeg. Op grond van die 
eienskappe wat gebruik is, het isolate van C. coccodes (Wallr.) Hughes, C. destructivum O'Gara en 
C. gloeosporioides (Penz.) Penz. & Sacco deurmekaar versprei voorgekom, terwyl die van C. trifolii Bain & 
Essary en C. lindemuthianum (Sacc. & Magn.) Br. & Cav. saam gegroepeer is. Dit is duidelik dat bykomstige 
kenmerke benodig word en dat die verwantskap tussen C. trifolii en C. lindemuthianum verder ondersoek 
moet word. Konidiumkenmerke en die teenwoordigheid of afwesigheid van setums was die mees onder-
skeidende kriteriums in hierdie studie. 
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Introduction 
Numerical methods attempt to increase the objectivity of 
comparative processes (Kendrick & Proctor 1964). In the 
taxonomy of fungi, statistical methods have been evaluated 
and successfully applied by, for example, Kendrick and 
Proctor (1964), Hindorf (1973a,b), Dabinett and Wellman 
(1978), Bridge et al. (1985, 1989a,b) and Montel et al. 
(1991), and also of other organisms, such as feathermites 
(Moss et al. 1977), shrews (Dippenaar 1980) and plants 
(Schutte & Van Wyk 1990). 
In a study of South African representatives of the fungus 
genus Colletotrichum Corda, multivariate analyses were 
employed to supplement traditional taxonomic methods and 
to establish whether certain easily observable phenological 
characters could be used to obtain a practical species 
grouping. This paper reports on the analysis of morpho-
logical and culture characteristics of 28 Colletotrichum iso-
lates representing 11 species. 
Methods 
The exemplar approach (Sneath & Sokal 1973, Moss et al. 
1977) was employed: 28 isolates (Table 1) were selected as 
reference points (operational taxonomic units, CTUs) to rep-
resent the species studied. Twenty-seven criteria, including 
culture and morphological characters and dimensions, were 
chosen for analysis (Table 2). These included the diagnostic 
characters used to distinguish between Colletotrichum 
species by other researchers, as recommended by Radford 
(1986). Host plants were excluded: most biologists are of 
the opinion that taxonomic species should be based on 
morphological characters (Hawksworth et al. 1983; 
Hawksworth 1974). Also, in the still imperfect knowledge 
of taxa in Colletotrichum, assumed host specificity seems to 
be an unreliable taxonomic descriptor (Walker et al. 1991). 
Data were obtained from lO-day-old cultures grown on 
malt salts agar (MSA, Van der Westhuizen & Holtzhausen 
1980) in 90 mm diam. Pyrex Petri dishes at 20°C under 
intermittent mixed irradiation 12 h/day from near ultra-
violet and 'daylight' type fluorescent tubes (Phillips 1L 
40W/08RS, F40 B43 and 1L 40W/33RS, respectively) sus-
pended 50 cm above the plates. Dried cultures were deposit-
ed in the National Collection of Fungi (PREM), Pretoria. 
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Table 1 Col/etotrichum OTU numbers, species, PREM numbers, hosts and host localities 
OTU PREM a Date 
No. Species No. Host Host locality collected 
1. C. coccodes (Wallr.) Hughes 45384 Solanum tuberosum L. (tuber) Kouebokkeveld 1977-02 
2. C. musae (Berk. & Curt.) Arx 45380 Musa sp. (fruit) Port St. Johns 1977-02 
3. C. cf. dematium (Pers. ex Fr.) Grove 45738 Beta vulgaris var. hortensis L. (leaf) Pretoria 1977-02 
4. C. acutatum Simmonds ex Simmonds 45379 Olea europaea L. (fruit) Western c.P. 1941-06 
5. C. destructivum O'Gara 45773 Trifolium africanum Scr. (leaf) Cedara 1977-04 
6. C. dematium (pers. ex Fr.) Grove 45751 Allium cepa L. (leafbase) Weenen 1977-12 
7. e. coccodes (Wallr.) Hughes 45739 Capsicum frutescens L. (stem) Magaliesberg 1978-02 
8. e. dematium (pers. ex. Fr.) Grove 45740 Tribulus terrestris L. (leaflet) Middelburg c.P. 1978-03 
9. e. crassipes (Speg.) Arx 45774 Psidium guajava L. (leaf) Nelspruit 1978-05 
10. C. gloeosporioides (penz.) Penz. & Sacco 45741 Persea americana Mil!. (fruit) Nelspruit 1978-05 
11. C. gloeosporioides (penz.) Penz. & Sacco 45752 Persea americana Mil!. (leaf) Nelspruit 1978-05 
12. e. acutatum Simmonds ex Simmonds 45775 Adina microcephala (Del) Hiern. var Nelspruit 1978-05 
galpinii (Olive) Hiern. (leaf) 
13. C. gloeosporioides (penz.) Penz. & Sacco 45742 Bauhinia galpini NE. Br. (leaf) Nelspruit 1978-05 
14. C. acutatum Simmonds ex Simmonds 45776 Grewia monticola Sond. (leaf) Nelspruit 1978-05 
15. e. lindemuthianum (Sacc. & Magn.) Br. & Cav. 45855 Phaseolus vulgaris L. (pod) Dendron 1978-07 
16. C. orbiculare (Berk. & Mont.) Arx 45750 Cucurbita pepo L. (fruit) Nylstroom 1978-08 
17. C. graminicola (Ces.) Wilson 45744 Zea mays L. (leaf) Lions River, Natal 1978-07 
18. C. coccodes (Wallr.) Hughes 45745 Plant debris Middelburg, c.P. 1978-08 
19. C. destructivum O'Gara 45746 Trifolium repens L. (leaf) Stellenbosch 1978-03 
20. e. graminicola (Ces.) Wils. 45747 Sorghum vulgare Pers. (stem) W. Tv!. 1978-04 
21. C. acutatum Simmonds ex Simmonds 45777 Fragaria sp. (stolon) Cullinan 1979-03 
22. C. dematium (pers. ex. Fr.) Grove 45832 Lycopersicum esculentum Mill. (fruit) Pretoria 1978-02 
23. C. trifolii Bain & Essary 45857 Medicago sativa L. (stem) Bethlehem, O.F.S. 1979-03 
24. e. gloeosporioides (penz.) Penz. & Sacco 45778 Malus sp. (fruit) Langkloof, c.P. 1979-03 
25. C. destructivum O'Gara 45748 Tribulus terrestris L. (leaflet) Middelburg, C.P. 1979-05 
26. C. graminicola (Ces.) Wilson 45779 Lolium multiflorum Lam. (seed) Howick 1979-06 
27. C. crassipes (Speg.) Arx 45833 Bim sp. (leaf) Burgers Hall, E. Tv!. 1978-05 
28. e. graminicola (Ces.) Wilson 45749 Zea mays L. (fruit) Delmas 1979-06 
a PREM: National Collection of Fungi, Pretoria. 
The characters and character states are listed in Table 2. 
Appressoria were studied in slide culture, prepared 
according to the method of Sutton (1962), using MSA. 
Cultures were incubated at 20°C under the conditions 
described above. Lactophenol was used throughout as a 
mounting medium. Slide preparations were not stained, in 
order to facilitate observation under phase contrast illumi-
nation (Nag Raj & Kendrick 1975). 
Multivariate analyses were performed with the numerical 
taxonomy system of multivariate statistical programs (NT-
SYS) developed by Rohlf et al. (1974) which had been 
employed by Dippenaar (1980). A rectangular data matrix, 
n X t, with n rows (= characters) and t columns (= OTUs), 
was standardized by rows (STAND program, Rohlf et al. 
1974), so that each measurement was expressed in terms of 
standard deviation units from the mean. Average taxonomic 
distance (A TD) and Pearson product-moment correlation 
coefficients were computed between the OTUs (SIMINT 
program, Rohlf et al. 1974). 
Conidia, appressoria and setae were measured with an 
ocular micrometer at a magnification of 1000x with a Zeiss 
light microscope. Measurements were taken to the nearest 
0.5 !-Lm, according to the recommendations of Hawksworth 
(1974), to accommodate personal error and avoid the 
appearance of excessive accuracy. The minimum number of 
measurements of each dimension necessary to obtain an 
acceptably low standard error of the mean was calculated 
according to Taylor (1961). For each isolate, 30 conidia and 
setae and 20 appressoria were measured. 
An objective random sampling method was devised 
whereby the appropriate structure - for instance a 
conidium - nearest to the middle calibration of the ocular 
micrometer was measured, skipping alternate microscope 
fields and also alternate traverses across the preparation. 
This procedure was followed until the required number of 
measurements had been made. 
Descriptions of shapes of conidia and appressoria were 
based on the terminology of Hawksworth et al. (1983). 
The following cluster analyses were performed on the 
symmetric distance and correlation matrices using the 
TAXON (Rohlf et al. 1974) program: single linkage (SL), 
complete linkage (CL), unweighted pair-group method using 
arithmetic averages (UPGMA), weighted pair-group method 
using arithmetic averages (WPGMA), and unweighted pair-
group method using centroid averaging (UPGMC). 
The principal component analysis (PCA) method of ordi-
nation was used with a matrix of product-moment corre-
lation coefficients between characters, computed by the 
SIMINT program. The coordinates of OTUs with respect to 
the principal axes were computed (PROJECfION program), 
together with a minimally connected graph (minimum span-
ning tree, MST) computed by the SUBSETS program. This 
type of graph is referred to as 'directly connected' by 
Dippenaar (1980). 
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Table 2 Ordered characters and character states of 
Colletotrichum orus used in statistical analyses 
1. Linear growth rate: mm/24 h 
2. Colony colour: above, central zone 
3. Colony colour: above, marginal zone 
4. Colony colour: reverse, central zone 
5. Colony colour: reverse, marginal zone 
Colour categories: hyaline (0), white (I), pale yellowish (2), 
moderate orange (3), yellowish pink (4), light greyish brown 
(5), moderate yellowish to reddish brown (6), purplish grey 
(7), dark grey (8), brownish grey (9), greyish purplish 
red (10), black (11) 
6. Colony texture: central zone 
7. Colony texture: marginal zone 
Texture categories: submerged (0), closely appressed (1), 
sodden appressed (2), cobwebby (3), cottony (4), subfelty to 
felty (5), downy (6), floccose (7), woolly (8), farinaceous (9) 
8. Nature of colony margin: even (0), sinuate (I), fimbriate to 
coarsely fimbriate (2), irregular (3) 
9. Colour of conidial masses: absent (0), white (1), pale yellow 
(2), moderate orange (3), moderate yellowish pink (4) 
10. Zonation of colony: absent (0), concentric (1), sectoring (2) 
11. Conidiomata: absent (0), present (1) 
12. Nature of conidiomata: stromatic thickening absent (0), 
present (1) 
13. Nature of conidiomata: pigmentation light (0), dark (1) 
14. Nature of conidiomata: form pulvinate (0), cupulate (1) 
15. Conidia formed predominantly from mycelial side branches: 
absent (0), present (1) 
16. Perithecia formed in culture: absent (0), present (1) 
17. Setae: absent (0), few, scattered (1), abundant (2) 
18. Setae: length (mean) 
19. Setae: width (mean) 
20. Setae: number of septa (mean) 
21. Conidium shape: Cylindrical, ends obtuse (0); cylindrical, 
apex obtuse base tapered, truncate (1); cylindrical, both ends 
slightly tapered (2); straight fusoid (3); cylindrical, ends uni-
laterally tapered (4); clavate (5); ellipsoidal (6); ovoid (7); 
hourglass-shaped (8); curved cylindrical, ends obtuse (9); 
curved, ends acutely tapering (10); fusoid, curved mainly 
at apex and truncate base (11); curved, tapering gradually 
towards apex, base truncate (12); curved, tapering gradually 
towards apex, base truncate, broadest point nearer apex (13); 
comma-shaped (14) 
22. Conidium length (mean) 
23. Conidium width (mean) 
24. Appressorium shape: globose to subglobose (0), obovoid (1), 
clavate to broadly clavate (2), cuneiform (3), lobed (4), 
irregular (5) 
25. Appressorium length (mean) 
26. Appressorium width (mean) 
27. Sclerotia: absent (0), sparse (1), abundant (2) 
Two ordinations were performed. In the first, 8 OTUs 
(numbers 2, 4, 10, 12, 13, 17, 24 and 28, Table 3) with 
missing characters were discarded. In the second, all 28 
OTUs were included but 8 characters were excluded: 12, 13, 
14 and 19 (Table 2) because they were absent from some 
OTUs (Table 3), 2 and 25 because they were highly corre-
lated with numbers 4 and 26 respectively, and 18 and 20 
because they were highly correlated as well as being absent 
from some OTUs. Inclusion of both members of a pair of 
correlated characters in effect doubles the importance of the 
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quality measured (Radford 1986). This kind of unequal 
weighting probably does not have a significant effect if the 
taxa concerned are actually distinct (Bridge & Sackin 1991). 
Results 
Cluster analyses 
The cophenetic correlation coefficients of all 5 cluster 
analyses were low, the highest - that of the UPGMA 
analysis based on OTU dissimilarity coefficients - being 
0.781. In this average linkage method, the arithmetic 
averages of dissimilarity coefficients between an OTU 
candidate for admission and members of an existing cluster, 
or between members of two clusters about to fuse, are 
employed: only one OTU or cluster at a time may be 
admitted for membership and each OTU in a cluster is 
weighted equally, regardless of the structural subdivision of 
the cluster (Sneath & Sokal 1973). 
The resulting cluster pattern (Figure 1) reflected the major 
OTU grouping tendencies obtained from the other cluster 
analyses (Baxter 1981), not discussed here as their 
cophenetic correlation coefficients were unacceptably low. 
Colletotrichum graminicola (Ces.) Wilson OTUs and those 
of C. dematium (Pers. ex Fr.) Grove and C. crassipes 
(Speg.) Arx formed relatively distinct groups. 
Ordinations 
The basis for the grouping obtained in the cluster analyses 
was elucidated by the PCA. A factor matrix of eigenvectors 
obtained for each character in the two ordinations is given in 
Tables 4 and 5. 
In the first ordination (20 OTUs), almost 75% of the 
variation in the data was explained by the first 5 principal 
axes or components, the first component accounting for 
24.89% of the total variation. Characters or factors loading 
most heavily on the first component, in decreasing order of 
importance, were numbers 18, 7, 15, 20, 19 and 12 (Tables 
2 and 4), a combination of seta, colony texture and 
conidiomata characteristics. 
This variation is illustrated in Figure 2: OTUs of C. 
crassipes (numbers 9 and 27) and C. dematium (numbers 6, 
8 and 22), both species with large robust, darkly pigmented 
setae, were placed to the left of axis I whereas C. acutatum 
Simmonds ex Simmonds OTUs, with a few small or no 
setae were placed to the right, with intermediate OTUs in 
between. The seta L:W ratios of these three OTU groups 
were 18.5,30.4 and 12.5, respectively. 
The second component accounted for 19.01 % of the total 
variation, loaded most heavily by characters 23 and 16, 
followed by 24 and 10 (Tables 2 and 4). This was a combi-
nation of conidium width, presence of perithecia, appres-
sorium shape and colony zonation. The separation of OTUs 
along the second principal axis is illustrated in Figure 2. 
Here, C. crassipes OTUs (numbers 9 and 27), having char-
acteristically very broad conidia and deeply lobed, irregular 
appressoria, were completely isolated from the other OTUs. 
In the second ordination (28 OTUs, 19 characters), the 
first 5 principal axes or components explained almost 79% 
of the total variation, the first component accounting for 
21.59% of this. Characters or factors loading most heavily 
on this component were, in decreasing order, numbers 17, 
23, 5 and 16 (Tables 2 and 5). They represented presence or 
Table 3 Data recorded for the 27 characters listed in Table 2 for 28 Colletotrichum OTUs used in the statistical analyses 
OTUs 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
2 
6.1 11 
1~0 3 
7.1 11 
~5 8 
~2 8 
4.5 
6.5 
3.1 
8.0 
11.6 
7.6 
5.7 
7.7 
6.1 
4.6 
8.1 
7.6 
6.3 
8.4 
7.9 
5.2 
4.1 
5.1 
8.1 
6.8 
8.9 
7.8 
8.8 
8 
8 
8 
4 
1 
4 
9 
9 
8 
9 
5 
9 
9 
8 
3 
8 
9 
8 
8 
4 
9 
8 
9 
3 4 
o 11 
4 3 
4 8 
7 10 
o 8 
4 
5 
8 
4 
9 
4 
1 
4 
4 
2 
o 
o 
4 
4 
4 
8 
2 
2 
5 
4 
o 
4 
o 
8 
8 
8 
8 
4 
3 
9 
8 
10 
8 
7 
9 
9 
8 
6 
5 
8 
9 
8 
4 
9 
8 
9 
5 
o 
4 
4 
7 
2 
2 
5 
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4 
4 
4 
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4 
4 
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4 
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2 
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o 
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9 
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9 
5 
4 
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9 
9 
9 
9 
9 
8 
9 
9 
9 
9 
9 
8 
9 
7 
o 
o 
1 
o 
3 
1 
6 
3 
1 
o 
3 
1 
6 
o 
o 
8 
o 
o 
1 
o 
o 
3 
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1 
3 
3 
4 
3 
3 
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o 
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o 
1 
o 
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2 
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2 
o 
2 
2 
2 
2 
o 
o 
1 
1 
2 
2 
2 
2 
2 
1 
2 
2 
o 
2 
2 
2 
165.2 
152.0 
132.7 
148.9 
155.3 
185.9 
121.7 
75.7 
88.0 
44.0 
125.7 
117.0 
114.5 
103.8 
110.0 
91.8 
53.0 
320.8 
75.2 
118.3 
183.4 
121.5 
111.6 
19 
5.3 
4.9 
5.2 
5.0 
5.3 
6.0 
6.7 
4.2 
4.5 
19 
5.2 
5~ 
5.9 
5.2 
~7 
5.4 
19 
~4 
~9 
4.9 
5.5 
6.5 
5.9 
20 
5.2 
3.5 
3.8 
2.5 
4.5 
3.4 
3.0 
3.0 
2.9 
0.1 
3.7 
2.2 
3.6 
2.8 
4.0 
2.2 
0.4 
8.1 
1.7 
3.1 
5.1 
2.4 
3.3 
21 
3 
8 
13 
7 
2 
12 
3 
12 
1 
1 
2 
2 
9 
7 
2 
2 
13 
3 
5 
13 
7 
12 
2 
1 
5 
12 
1 
13 
22 
19.6 
12.1 
20.1 
12.7 
15.0 
21.5 
19.4 
20.7 
23.7 
13.6 
13.2 
12.8 
12.7 
12.9 
11.8 
16.9 
27.7 
19.2 
14.5 
26.4 
12.9 
22.3 
10.9 
20.7 
16.2 
21.3 
18.0 
30.0 
23 
3.1 
4.4 
3.6 
3.6 
3.2 
2.7 
3.1 
2.8 
7.1 
4.2 
4.0 
4.2 
4.0 
3.6 
3.8 
4.2 
4.1 
3.1 
3.0 
3.8 
3.2 
2.8 
4.1 
4.1 
3.1 
3.6 
6.6 
4.2 
24 
1 
5 
3 
1 
3 
2 
5 
2 
5 
2 
2 
2 
2 
2 
1 
2 
2 
5 
2 
5 
25 
18.2 
10.9 
12.4 
10.4 
10.0 
12.5 
11.0 
11.1 
16.5 
8.4 
8.3 
12.6 
10.4 
9.6 
6.2 
9.3 
8.6 
9.4 
9.3 
14.0 
10.6 
10.8 
9.5 
11.3 
9.6 
13.1 
12.9 
8.2 
26 
11.9 
11.5 
9.5 
6.3 
5.9 
7.1 
6.8 
6.3 
9.0 
6.4 
6.5 
6.6 
6.9 
6.1 
5.2 
6.8 
6.6 
6.2 
6.5 
9.3 
6.2 
5.5 
6.6 
6.4 
5.9 
7.3 
9.4 
6.5 
27 
2 
1 
2 
o 
2 
2 
o 
o 
o 
1 
o 
o 
o 
o 
2 
2 
o 
o 
o 
1 
o 
o 
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Figure 1 Phenetic relationships among species of Colletotrichum illustrated in a phenogram based on taxonomic distances between 
species. Correlation: 0.781. 
Table 4 Factor matrix: 20 OTU principal 
component analysis 
Factor matrix 
Character Factor 1 Factor 2 
0.039 -D.458 
2 -D.337 0.466 
3 0.422 0.047 
4 -D.502 0.101 
5 0.309 -D.370 
6 -D.261 -D.093 
7 0.811 0.052 
8 -D.313 0.455 
9 0.429 0.524 
10 -D.041 -D.604 
11 -D.442 -D.028 
12 -D.752 -D.210 
13 -D.480 0.001 
14 0.343 -D.343 
15 0.806 0.064 
16 -D.147 -D.906 
17 -D.570 0.536 
18 -D.812 0.238 
19 -D.758 -D.492 
20 -D. 800 0.196 
21 -D.184 0.512 
22 -D.620 -D.152 
23 0.022 -D.943 
24 -D.271 -D.654 
25 -D. 494 -D.321 
26 -D.332 -D.369 
27 -D.495 0.495 
Table 5 Factor matrix: 28 OTU principal component 
analysis 
Factor matrix 
Character Factor 1 Factor 2 Factor 3 
1 0.508 -D.181 0.094 
3 0.330 0.658 0.242 
4 -D.353 -D. 303 -D.100 
5 0.627 0.298 0.164 
6 -D.076 -D.419 -D.185 
7 0.201 0.694 -D.198 
8 -D.386 0.214 0.415 
9 -D.333 0.652 0.116 
10 0.541 -D.452 -D.169 
11 -D.031 -D. 108 -D.688 
15 0.359 0.682 -D.085 
16 0 .616 0.282 0.307 
17 -D.780 -D.245 0.006 
21 -D.516 0.110 0.684 
22 -D. 350 -D.528 0.601 
23 0.735 -D.432 0.160 
24 0.500 -D. 224 0.043 
26 0.181 -D.263 0.171 
27 -D.539 -D.069 -D.499 
absence of setae, conidium width, colony reverse centre 
colour and the presence or absence of perithecia in culture. 
This is illustrated in Figure 3, where the C. crassipes OTUs 
and other OTUs having scattered setae, broad conidia, peri-
thecial initials in culture and a relatively dark-coloured 
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Figure 3 Species of Colletotrichum: phenetic relationships of OTUs in a 28-OTU study. Ordination by principal component analysis, 
followed by multidimensional scaling, component 1 vs 3. MST and subsets are superimposed. 
colony centre reverse, were placed on one end of axis 1. On 
the other end of this axis was C. dematium, having abundant 
setae, narrow conidia and no perithecial initials. 
The second component accounted for 16.84% of the total 
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Figure 4 Species of Colletotrichum: phenetic relationships of OTUs in a 28-0TU study. Ordination by principal component analysis. 
followed by multidimensional scaling. component 2 vs 3. MST and subsets are superimposed. 
variation. Characters 7. 15. 3 and 9 (Table 2) loaded most 
heavily on this component. representing texture of the 
marginal colony zone. whether conidia were formed pre-
dominantly from mycelial side branches or not, colour of the 
colony marginal zone, above, and colour of conidial masses. 
The third component accounted for 11.06% of the total 
variation, loaded most heavily by characters 11, 21 and 22, 
namely the presence or absence of conidiomata, and 
conidium shape and length (Table 2). This is illustrated in 
Figure 4 where, along axis II, OTUs with downy marginal 
zones and forming conidia in the aerial mycelium were 
placed towards the right end, while those with submerged to 
closely appressed marginal zones, not forming conidia in the 
aerial mycelium, were placed to the left end of the axis. 
OTUs not forming conidiomata or with very broad, curved 
or fusoid conidia were placed towards the upper section of 
axis III in Figures 3 and 4. Those OTUs with conidiomata 
and cylindrical conidia were placed towards the lower 
portion of this axis. 
In the 28 OTU ordination and MST (Figure 3), the closest 
links between OTUs were found within the C. dematium. 
C. graminicola and C. crassipes groups, and also between 
the C. trifolii Bain & Essary and C. lindemuthianum (Sacc. 
& Magn). Br. & Cav. OTUs (numbers 23 and 15, respec-
tively). 
Discussion 
Classification begins with - and is determined by - the 
choice of entities and the variables considered relevant 
(Everitt 1974). As in any other classification, numerical 
methods have an inherent error resulting from poor samp-
ling of the phenetic space and error in recording character 
states, in addition to shortcomings attributable to the cluster-
producing method itself (Sneath & Sokal 1973). Moss et al. 
(1977), for instance, relied primarily on ordinations for their 
taxonomic conclusions, as Sneath and Sokal (1973) had 
pointed out that phenograms are notoriously prone to distor-
tions, particularly at lower levels. 
Within the framework of these limitations, OTU clusters 
corresponding with the following species delimitations were 
obtained in most of the analyses: C. dematium. C. gramini-
cola. C. crassipes and C. acutatum. Colletotrichum musae 
(Berk. & Curt.) Arx was placed in a relatively distinct posi-
tion in most cluster analyses and in the 28 OTU ordination. 
However, C. gloeosporioides (Penz.) Penz. & Sacc, 
C. coccodes (Wallr.) Hughes and C. destructivum O'Gara 
isolates were constantly interspersed, indicating their 
phenetic similarity and/or the use of insufficient characters 
to discriminate between them. The phenetic heterogeneity of 
C. gloeosporioides was clearly illustrated. Comparing 
restriction fragment length polymorphisms (RFLPs), Braith-
waite et al. (1990) have shown that in Australia there are 
two distinct pathogen populations of C. gloeosporioides on 
Stylosanthus species alone and that these, in tum, are 
different to isolates from other legumes. Likewise, iso-
enzyme comparisons have demonstrated a high degree of 
variability in C. gloeosporioides compared with other 
species such as C. coccodes (Bonde et al. 1991). 
The statistical analyses also drew attention to the striking 
similarities between C. lindemuthianum and C. trifolii. 
Traditionally, C. lindemuthianum has been considered host-
specific to Phaseolus spp. and C. trifolii to Medicago and 
Trifolium spp. However, Sutton (1980) listed Medicago in 
the host range given for C. lindemuthianum but did not 
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include C. trifolii among the Colletotrichum species 
described. Baxter (1981) and Baxter et al. (1983) noted that 
pathogenicity tests might reveal that they are physiologically 
specialized forms of the same fungus. 
Koch et al. (1989) recorded the pathogenicity of C. trifolii 
isolates to Glycine max (L.) Merr. and Nicotiana tabacum L. 
but not to Phaseolus vulgaris in shadehouse tests. They 
(Koch et al. 1989) were of the opinion that C. trifolii should 
be considered a distinct species until a comparative study 
proves otherwise. 
Two problem placings were those of OTUs 3 and 26 
(Table 1). Number 3, isolated from Beta vulgaris var. 
hortensis L. leaves, was characterized by conidia similar in 
shape to those of C. graminicola. Number 26, isolated from 
grass seeds, was characterized by conidia and conidiomata 
bearing a strong resemblance to those of C. dematium. In all 
the analyses in this study, OTU 3 was placed in a relatively 
distinct position. It may, therefore, possibly be regarded as a 
separate taxon. On the other hand, it may be found to fit into 
C. dematium or C. graminicola if the variability of these 
taxa is examined in more detail. The exemplar approach 
having been followed, intraspecific variation cannot be 
assessed here. OTU 26, however, was placed in association 
with C. graminicola OTUs in most of the analyses and may 
consequently be regarded as a representative of that species. 
Characters which proved to be discriminatory in this 
study were: presence or absence of setae; conidium width 
together with conidium shape, length and whether conidia 
are produced mainly from condiomata or from hyphal side-
branches; presence or absence of perithecia; and texture and 
colour of marginal zones in culture. Lesser contributing 
factors were: appressorium shape and width; presence or 
absence of sclerotia and conidiomata; colony growth rate; 
and the colour of the colony reverse, central zone. Culture 
characteristics other than those mentioned were not dis-
criminatory. In their investigation of the Colletotrichum spp. 
pathogenic to strawberry, Gunnell and Gubler (1992) 
demonstrated that setal morphology is an important criterion 
in distinguishing among C. fragariae Brooks, C. gloeo-
sporioides and C. acutatum, although it has largely been 
ignored in favour of conidial morphology. Gunnell and Gub-
ler (1992) also pointed out that the culture medium has a 
significant effect on the nature and variability of conidium 
morphology. 
The predominant clustering patterns obtained with the 
multivariate statistical analyses used in the present study 
largely summarized the a priori traditional classification 
based on the same data. It is clear, however, that additional 
discriminatory characters must be sought. In other taxo-
nomically problematic genera, such as Penicillium (Bridge 
et al. 1985, 1989a,b), Rhizoctonia (Mordue et al. 1989) and 
Phoma (Montel et al. 1991), integrated approaches that 
employ data obtained from a variety of biochemical 
analyses and ultrastructural studies combined with tradi-
tional characters, proved highly successful. Mordue etal. 
(1989) found that these supplementary criteria have the 
greatest resolving power when used along with morpho-
logical characters. In addition, Bonde et al. (1991) have 
demonstrated that a wide range of Colletotrichum species 
from different hosts can be identified by means of isozyme 
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comparisons. Of four molecular techniques that have been 
employed in fungal systematics, the relatively simple RFLP 
analysis has proved particularly useful in distinguishing 
closely related species (Mullaney & Klich 1990). In combi-
nation with RFLP analysis, the polymerase chain reaction 
(PCR) holds great potential as a taxonomic tool as it enables 
accurate comparison of DNA not only among living cul-
tures, but also between living cultures and suitably dried 
reference material (Wingfield & Wingfield 1993). 
It must be borne in mind that, in a genus such as Colleto-
trichum, classical taxonomic studies with reference to type 
specimens will always be necessary in order to sort out the 
mass of published names (Walker et al. 1991). 
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